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PROBLEM TO BE SOLVED: To provide an apparatus for laser 
processing capable of simply controlling a pulse shape of a laser beam 

and enhancing stability of a laser output. 

SOLUTION: A trigger signal is output from a control computer 60 to 
respective solid state laser units 21 to 24 at suitable timing, and laser 
beams L1 1 to L22 are emitted from the respective units 21 to 24 at a 
suitable time difference and polarizing surfaces. The respective beams 
L1 1 to L22 are coupled by a coupling optical system 30 to become two 
sets of the beams LI and L2 slightly separately advanced in parallel. 
Both the beams LI and L2 are enlarged in a beam diameter as retaining 
as a parallel luminous flux via a telescopic optical system 40, and 
spatially superposed. The beams LI and L2 fed through the system 40 
are disassembled into secondary light sources of 6 x 6 by a homogenizer 
50, and superposed on a processing surface IS to be incident. 
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(54) APPARATUS AND METHOD FOR LASER PROCESSING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
apparatus for laser processing capable of 
simply controlling a pulse shape of a laser beam 
and enhancing stability of a laser output. 
SOLUTION: A trigger signal is output from a 
control computer 60 to respective solid state 
laser units 21 to 24 at suitable timing, and laser 
beams L1 1 to L22 are emitted from the 
respective units 21 to 24 at a suitable time 
difference and polarizing surfaces. The 
respective beams L1 1 to L22 are coupled by a 
coupling optical system 30 to become two sets* 
of the beams LI and L2 slightly separately 
advanced in parallel. Both the beams LI and L2 
are enlarged in a beam diameter as retaining as a parallel luminous flux via a telescopic 
optical system 40. and spatially superposed. The beams LI and L2 fed through the 
system 40 are disassembled into secondary light sources of 6 x 6 by a homogenizer 
50, and superposed on a processing surface IS to be incident. 





[Claim(s)] 

[Claim 1] Laser-beam-machining equipment equipped with the hght equipment which 
has two or more solid-state-laser equipments which generate a pulse-like laser beam, 
the synthetic optical system which superimpose two or more laser beams from said light 
equipment, and an object side is made to carry out incidence, and the timing adjusting 
device which forms the pulse which adjusts the timing of two or more of said 
solid-state-laser equipments of operation, and has a predetermined time wave. 
[Claim 2] In laser-beam-machining equipment equipped with the light equipment which 
has two or more solid-state-laser equipments which generate a pulse-like laser beam, 
and the sjmthetic optical system which superimpose two or more laser beams from said 
light equipment, and an object side is made to carry out incidence While the 2-N set 
solid-state-laser equipment which said light equipment makes N the natural number, 
and generates the linearly polarized light is included The soUd-state-laser equipment of 
eye ** (2n) watch were set as the solid-state-laser equipment of eye ** (2n-l) watch were 
set as predetermined plane of polarization, said predetermined plane of polarization, 
and different plane of polarization as the natural number below N n The n-th light 
source unit is constituted. Said synthetic optical system The polarization beam splitter 
of N individual which combines the laser beam of the couple which carries out outgoing 
radiation from each hght source unit, respectively, and carries out outgoing radiation of 

« 

the laser beam of N group, Laser-beam-machining equipment characterized by having 
the equalization optical system to which the laser beam divided while decomposing into 
two or more laser beams the laser beam which bundled the laser beam of said N group is 
superimposed on said object side as a homogeneity beam of abbreviation same size, and 
carries out incidence. 

[Claim 3] The solid-state-laser equipment which there are said odd solid-state-laser 
equipments contained in said light equipment, and does not constitute said light source 
unit is laser-beam-machining equipment according to claim 2 characterized by carrying 
out incidence of the laser beam of the circular polarization of light to said sjnithetic 
optical system. 

[Claim 4] The solid-state-laser equipment which does not constitute said light source 
unit is laser-beam-machining equipment according to claim 3 characterized by having 
the quarter-wave length plate which changes the linearly polarized hght into the 
circular polarization of light. 

[Claim 5] For the solid-state-laser equipment of eye said ** (2n) watch, claims 2-4 
characterized by having 1/2 wavelength plate which changes the plane of polarization of 
a laser beam are laser-beam-machining equipment of a publication either. 
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[Claim 6] For said laser-beam-machining equipment, claims 2-5 characterized by 
having the timing adjusting device which forms the pulse which adjusts the timing of 
two or more of said solid-state-laser equipments of operation, and has a predetermined 
time wave are laser-beam-machining equipment of a publication either. 
[Claim 7] For said timing adjusting device, claims 1 and 6 characterized by forming the 
pulse which connects said two or more laser beams serially, and has a predetermined 
time wave are laser-beam-machining equipment of a publication either. 
[Claim 8] For said solid-state-laser equipment, claims 1-7 characterized by having the 
optical element which adjusts the optical path length to outgoing radiation opening of a 
laser beam, respectively are laser-beam-machining equipment of a publication either. 
[Claim 9] The laser-beam-machining approach characterized by to have the process 
which two or more solid-state-laser equipments are prepared [ process ], and generates 
a pulse-hke laser beam in predetermined time difference from two or more 
solid-state-laser equipments concerned, respectively, the process which piles up 
spatially two or more laser beams from two or more of said solid-state-laser equipments, 
and the process which superimpose as a homogeneity beam of abbreviation same size 
after dividing two or more of said piled-up laser beams, and an object side is made to 
carry out incidence. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser-beam-machining equipment 
and the approach of having been suitable for annealing of the laser-beam-machining 
equipment and the approach of having used the pulse laser, especially a semi-conductor 
thin film. 
[0002] 

[Description of the Prior Art] In semi-conductor processes, such as annealing, 
lithography, and doping, ultraviolet radiation is mainly used as useful from photon 
energy or a viewpoint of detailed-izing. 

[0003] The laser annealer which changes amorphous Si into Polycrystal Si, using 
excimer laser as conventional laser-beam-machining equipment used for a 
semi-conductor process is known. In such a laser annealer, while once dividing the pulse 
laser from the excimer laser of high power by equalization optical system, 
superimposing and irradiating a processing side as a homogeneity beam of the same 
size is performed. 
[0004] 
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[Problem(s) to be Solved by the Invention] With the above laser-beam-machining 
equipments, since the pulse shape of a laser beam is hardly uncontrollable, the degree 
of freedom to a process becomes small. Moreover, from the limitation of the engine 
performance of excimer laser, the stabihty of a laser output is low (it usually reaches to 
about **3%), and there is an inclination for process precision to get worse in response to 
this effect, moreover, the thing incorporating excimer laser - the installation area of 
equipment — not increasing it cannot obtain and the demand of space-saving-izing 
cannot be accepted. Furthermore, excimer laser is expensive and maintenance costs, 
such as a gas exchange, are also size. 

[0005] Then, this invention can control the pulse shape of a laser beam simply, moreover, 
can raise the stability of a laser output and aims at offering the laser-beam-machining 
equipment and the approach of also meeting the demand of space-saving-izing and cost 
reduction. 
[0006] 

[Means for Solving the Problem] The laser-beam-machining equipment applied to this 
invention in order to solve the above-mentioned technical problem is equipped with the 
light equipment which has two or more solid-state-laser equipments which generate a 
pulse-like laser beam, the synthetic optical system which superimpose two or more laser 
beams from light equipment, and an object side is made to carry out incidence, and the 
timing adjusting device which forms the pulse which adjusts the timing of two or more 
sohd-state-laser equipments of operation, and has a predetermined time wave. 
[0007] With the above-mentioned laser-beam-machining equipment, since what has two 
or more soUd-state-laser equipments as Hght equipment is used, stability of a laser 
output can be made comparatively high and space-saving-izing and cost reduction can 
be planned. Furthermore, since incidence of each laser beam is superimposed and 
carried out on an object side using synthetic optical system, adjusting the timing of two 
or more solid-state-laser equipments of operation with a timing adjusting device, in 
solid state laser, the pulse configuration of arbitration is generable, increasing the 
weakened [ former comparatively ] laser output seemingly. 

[0008] In addition, solid-state-laser equipment shall be equipped with the laser 
oscillation component which generates the laser beam of low wavelength comparatively, 
with a suitable harmonic generator, to desired value, can short-wavelength-ize the laser 
beam from this laser oscillation component, and can carry out outgoing radiation. 
[0009] Moreover, laser-beam-machining equipment takes structure equipped with the 
computer apparatus which controls in generalization the stage where usually lays the 
work piece which is the object of processing, and it moves in three dimension, the 
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driving means to which a stage is moved to the above-mentioned hght equipment and 
synthetic optical system, and only suitable timing and distance move a laser beam on 
the object side of a work piece, and light equipment and a driving means. 
[0010] Moreover, the light equipment which has two or more solid-state-laser 
equipments with which another laser-beam-machining equipment concerning this 
invention generates a pulse-like laser beam, While the 2-N set solid-state-laser 
equipment with which light equipment generates the linearly polarized light by making 
N into the natural number in laser-beam-machining equipment equipped with the 
synthetic optical system which superimposes two or more laser beams from light 
equipment, and an object side is made to carry out incidence is included The 
solid-state-laser equipment of eye ** (2n) watch were set as the soUd-state-laser 
equipment of eye ** (2n-l) watch were set as predetermined plane of polarization, 
predetermined plane of polarization, and different plane of polarization as the natural 
number below N n The polarization beam splitter of N individual which the n-th light 
source unit is constituted, and synthetic optical system combines the laser beam of the 
couple which carries out outgoing radiation from each light source unit, respectively, 
and carries out outgoing radiation of the laser beam of N group. It has the equalization 
optical system to which the laser beam divided while decomposing into two or more 
laser beams the laser beam which bundled, the laser beam of N group is superimposed 
on an object side as a homogeneity beam of abbreviation same size, and carries out 
incidence. 

[0011] With the above-mentioned laser-beam-machining equipment, since two or more 
solid-state-laser equipments are used, stability of a laser output can be made 
comparatively high and space-saving- izing and cost reduction can be planned. Moreover, 
since two or more generated laser beams are piled up spatially, the pulse which 
increased the laser output seemingly is generable. Furthermore, since it superimposes 
as a homogeneity beam of abbreviation same size after dividing two or more piled-up 
laser beams, and an object side is made to carry out incidence, the homogeneity of the 
quantity of light distribution of a laser beam which carries out incidence to an object 
side can be secured, and more uniform laser beam machining becomes possible. The 
light source unit with which light equipment consists of solid-state-laser equipment of a 
couple with which plane of polarization differs with the above-mentioned 
laser-beam- machining equipment Furthermore, two or more preparations, The 
polarization beam splitter of N individual to which synthetic optical system combines 
the laser beam of the couple which carries out outgoing radiation firom each light source 
unit, respectively, and carries out outgoing radiation of the laser beam of N group. Since 
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it has the equaUzation optical system to which the laser beam divided while 
decomposing into two or more laser beams the laser beam which bundled the laser beam 
of N group is superimposed on an object side as a homogeneity beam of abbreviation 
same size, and carries out incidence The homogeneity of quantity of light distribution 
can be secured reducing ****** of the plane of polarization of the laser beam which 
carries out incidence to an object side, and still more uniform laser beam machining 
becomes possible. 

[0012] The solid-state-laser equipment with which there are odd solid-state-laser 
equipments contained in light equipment, and they do not constitute a light source unit 
from a desirable mode of the above-mentioned equipment is characterized by can:ying 
out incidence of the laser beam of the circular polarization of light to synthetic optical 
system. 

[0013] With the above-mentioned laser-beam-machining equipment, since the 
sohd-state-laser equipment which does not constitute a hght source unit carries out 
incidence of the laser beam of the circular polarization of hght to synthetic optical 
system, ****** of the polarization property of the laser beam which carries out incidence 
to an object side can be reduced. 

[0014] In the desirable mode of the above-mentioned equipment, the solid-state-laser 
equipment which does not constitute a light source unit is characterized by having the 
quarter-wave length plate which changes the linearly polarized light into the circular 
polarization of light. In this case, the circular polarization of light can be acquired 
simply. 

[0015] In the desirable mode of the above-mentioned equipment, the solid-state-laser 
equipment of eye ** (2n) watch is characterized by having 1/2 wavelength plate which 
changes the plane of polarization of a laser beam. In this case, the plane of polarization 
of a laser beam can be simply changed in the rectangular direction. 

[0016] In the desirable mode of the above-mentioned equipment, a timing adjusting 
device is characterized by forming the pulse which connects two or more laser beams 
serially, and has a predetermined time wave. In this case, it is suitable for the 
apphcation to the laser annealing equipment for which pulse shape shall be decreased 
with time and control of a cooldown delay is needed. 

[0017] In the desirable mode of the above-mentioned equipment, solid-state-laser 
equipment is characterized by having the optical element which adjusts the optical path 
length to outgoing radiation opening of a laser beam, respectively. In this case, it can 
prevent a speckle pattern being generated and becoming the hindrance of uniform 
processing on an object side. 
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[0018] The laser-beam-machining approach concerning this invention is characterized 
by to have the process which two or more sohd-state-laser equipments are prepared 
[ process ], and generates a pulse-Uke laser beam in predetermined time difference from 
the solid-state-laser equipment of these plurality, respectively, the process which piles 
up spatially two or more laser beams from two or more solid-state-laser equipments, 
and the process superimposes as a homogeneity beam of abbreviation same size after 
dividing two or more piled-up laser beams, and a process makes [ an object side ] carry 
out incidence. 

[0019] By the above-mentioned laser-beam-machining approach, since two or more 
solid-state-laser equipments are used, stability of a laser output can be made 
comparatively high and space-saving-izing and cost reduction can be planned. Moreover, 
since two or more generated laser beams are spatially piled up while generating a 
pulse-like laser beam in predetermined time difference from two or more 
solid-state-laser equipments, respectively, the pulse configuration of arbitration is 
generable, increasing a laser output seemingly. Furthermore, since it superimposes as a 
homogeneity beam of abbreviation same size after dividing two or more piled-up laser 
beams, and an object side is made to carry out incidence, the homogeneity of the 
quantity of light distribution of a laser beam which carries out incidence to an object 
side can be secured, and more uniform laser beam machining becomes possible. 
[0020] 

[Embodiment of the Invention] The [1st operation gestalt] Drawing 1 is drawing 
explaining the structure of the laser-beam-machining equipment of the 1st operation 
gestalt concerning this invention. 

[0021] Light equipment 20 equipped with four solid-state-laser equipments 21-24 with 
which this laser-beam-machining equipment generates the laser beam of an ultraviolet 
area, The joint optical system 30 which combines suitably the laser beam which carried 
out outgoing radiation from each solid-state-laser equipments 21-24, and generates 2 
sets of laser beams Ll and L2, The telescope optical system 40 which expands 2 sets of 
laser beams Ll and L2 which passed through the joint optical system 30, and is piled up 
spatially, The homogenizer 50 which is the equalization optical system to which the 
laser beam divided while decomposing into two or more laser beams the laser beams Ll 
and L2 piled up by the telescope optical system 40 is superimposed on the processing 
side IS as a homogeneity beam of the same size, and carries out incidence. It has the 
computer 60 for control which is the timing adjusting device which adjusts the timing of 
each solid- state-laser equipments 21-24 which constitute light equipment 20 of 
operation. In addition, the joint optical system 30, the telescope optical system 40, and a 
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homogenizer 50 constitute synthetic optical system. 

[0022] Light equipment 20 is equipped with the l-4th sohd-state-laser equipments 
21-24 of the even number of the same structure. The 1st and 2nd soHd-state-laser 
equipments 21 and 22 constitute the 1st light source unit, and the 3rd and 4th 
solid-state-laser equipments 23 and 24 constitute the 2nd light source unit. Although 
each solid-state-laser equipments 21-24 are arranged so that the body may generate the 
linearly polarized light which has plane of polarization in YZ side, they have formed 1/2 
wavelength plates 28 and 29 made to rotate plane of polarization 90 degrees near the 
beam outgoing radiation opening about the even-numbered 2nd and 4th 
solid-state-laser equipments 22 and 24. As a result, the laser beams L12 and L22 which 
the laser beams Lll and L21 which carry out incidence to the joint optical system 30 
from the 1st and 3rd solid-state-laser equipments 21 and 23 serve as the linearly 
polarized hght which has plane of polarization in YZ side, and carry out incidence to the 
joint optical system 30 from the 2nd and 4th solid-state-laser equipments 22 and 24 
serve as the hnearly polarized light which has plane of polarization in XZ side. 
[0023] Each solid-state-laser equipments 21-24 are equipped with the solid-state-laser 
components 26, such as YLF which generates the laser beam which is the linearly 
polarized light with a wavelength of about 1.053 micrometers, and the wavelength 
sensing element 27 which is the harmonic generator which changes into a 3 times as 
many higher harmonic as this the laser beam by which outgoing radiation was carried 
out with a well head from this soUd-state-laser component 26. 

[0024] The joint optical system 30 is equipped with the turn mirrors 31 and 32 for a 
deflection, and the polarization beam splitter 34 for beam coupling. It deviates by the 
turn mirrors 31 and 32, incidence is carried out to the plane of incidence of the couple of 
one polarization beam splitter 34, it is combined here, and the laser beams Lll and L12 
from the 1st and 2nd solid-state-laser equipments 21 and 22 which constitute the 1st 
light source unit turn into a laser beam Ll. It deviates by the turn mirrors 31 and 32, 
incidence is carried out to the plane of incidence of the couple of the polarization beam 
splitter 34 of another side, it is combined here, and the laser beams L21 and L22 from 
the 3rd and 4th solid-state-laser equipments 23 and 24 which constitute the 2nd light 
source unit also turn into a laser beam L2. 

[0025] Drawing 2 is drawing explaining work of a polarization beam splitter 34. 
Incidence is carried out to the 1st polarization beam splitter 34 as P polarization, and it 
is reflected by polarization separation side 43a, and the laser beam Lll from the 1st 
solid-state-laser equipment 21 carries out incidence of the laser beam L12 from the 2nd 
solid-state-laser equipment 22 to the 1st polarization beam splitter 34 as S polarization, 
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and passes polarization separation side 43a. It becomes the laser beam LI of the 
random polarization (natural polarization) condition which both the laser beams Lll 
and L12 are combined, and does not haye a bias in the polarization direction by this. 
[0026] Moreover, incidence is carried out to the 2nd polarization beam splitter 34 as P 
polarization, and it is reflected by polarization separation side 43a, and the laser beam 
L21 from the 3rd solid-state-laser equipment 23 carries put incidence of the laser beam 
L22 from the 4th solid-state-laser equipment 24 to the 2nd polarization beam splitter 34 
as S polarization, and passes polarization separation side 43a. It becomes the laser 
beam L2 of the random polarization which both the laser beams L21 and L22 are 
combined, and does not have a bias in the polarization direction by this. 
[0027] It returns to drawing 1 and the telescope optical system 40 is equipped with a 
concave lens 41 and a convex lens 42. 2 sets of laser beams Ll and L2 which carried out 
outgoing radiation of the joint optical system 30 are made into the parallel flux of light 
in a convex lens 42, after approaching and advancing side by side and being emitted 
through a concave lens 41. Consequently, the beam diameter of each laser beams Ll and 
L2 increases, and both the laser beams Ll and L2 cover the whole mostly, and will be in 
the condition of having overlapped spatially and having been bundled. The dilation 
ratio of both the laser beams Ll and L2 is suitably adjusted according to the opening 
size of a homogenizer 50. In addition, although telescope optical system 40 was 
considered as the Galileo type which consists of a concavo-convex lens in the above 
explanation, telescope optical system 40 can also be considered as the Kevlar type which 
consists of a convex lens of a couple, and abbreviation duplication of these can be 
spatially carried out by this as well as the above, increasing the beam diameter of each 
laser beams Ll and L2. 

[0028] These secondary light sources are superimposed on the processing side IS, and a 
homogenizer 50 carries out incidence, and has the work which attains equalization of 
laser radiation while it once decomposes laser beams Ll and L2 two-dimensional by the 
cylindrical-lens arrays CA1-CA4 and forms much secondary light sources. 
[0029] Drawing 3 is drawing which explains the structure of a homogenizer 50 to a 
detail more. A homogenizer 20 consists of the 1st - the 4th cylindrical-lens arrays 
CA1-CA4, and a condensing lens 52 of a convex lens so that clearly also from drawing. 
Here, the 1st and 3rd cylindrical-lens arrays CAl and CA3 have curvature in YZ cross 
section, and the 2nd and 4th cylindrical-lens arrays CA2 and CA4 have curvature in XZ 
cross section. In addition, although it enables it to adjust the beam size which 
constitutes a homogenizer 20 from four cylindrical-lens arrays in this case, and is 
projected on an irradiated plane IS about each shaft (X, Y), if it is not necessary to make 
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beam size adjustable, a homogenizer 20 can also be considered as a total array 
configurations of two lenses using the cylindrical-lens array which has curvature in XZ 
cross section and YZ cross section, respectively the piece every. 

[0030] Corresponding to the number of segments which constitutes an array, 6 ****s of 
the laser beams Ll and L2 which carried out incidence are made a homogenizer 50 by 
the 1st and 3rd cylindrical-lens arrays CAl and CA3 about the direction of Y Moreover, 
corresponding to the number of segments which constitutes an array, 6 ****s of laser 
beams Ll and L2 are carried out by the 2nd and 4th cylindrical-lens arrays CA2 and 
CA4 also about the direction of X. Consequently, the secondary hght source divided into 
6x6 is formed. Incidence of the light beam from the divided secondary light source is 
carried out to a condensing lens 21. The light beam from the each secondary light source 
which carried out incidence to the condensing lens 21 is piled up by the irradiated plane 
IS arranged in the back focus location of a condensing lens 21, and irradiates a 
rectangle field at homogeneity. In addition, although the laser beam is divided into six 
about each shaft (X, Y) in the above explanation using the cylindrical-lens arrays 
CA1-CA4, the number of partitions is arbitrary. Although the uniformity coefficient of 
the homogeneity beam usually formed will improve if the number of partitions increases, 
a quantity of light loss becomes conversely large. 

[0031] In addition, laser beams Ll and L2 have the location gap in the direction of Y, 
and do not overlap thoroughly, but are in the condition that the part overflowed. 
However, if a beam does not overflow from a homogenizer 50, a quantity of light loss is 
not produced. Under the present circumstances, as for a location gap of the direction of 
Y of laser beams Ll and L2, it is desirable to consider as spacing for one segment of the 
1st cylindrical-lens array CA 1. Thereby, the spatial intensity distribution of the laser 
beam which carries out incidence to each segment, especially the segment of vertical 
ends can be made into homogeneity. 

[0032] Returning to drawing 1 , the computer 60 for control adjusts the oscillation 
timing of these solid-state-laser equipments 21-24 by outputting a trigger signal to each 
solid-state-laser equipments 21-24 which constitute light equipment 20. Thereby, the 
outgoing radiation timing of the laser beams L11-L22 from each solid-state-laser 
equipments 21-24 is adjusted, and one pulse configuration can be formed as a whole. 
[0033] Drawing 4 is drawing explaining how to connect laser beams L11-L22 by suitable 
time difference, and form one pulse. First, a laser beam Lll carries out outgoing 
radiation from the 1st solid- state-laser equipment 21. Next, a laser beam L12 carries 
out outgoing radiation from the 2nd solid-state-laser equipment 22 by the time delay tl. 
Next, a laser beam L21 carries out outgoing radiation from the 3rd solid-state-laser 
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equipment 23 by the time delay t2. Next, a laser beam L22 carries out outgoing 
radiation from the 4th solid-state-laser equipment 24 by the time delay t3. By adjusting 
suitably the reinforcement and the time delays tl-tS of each laser beams L11-L22, the 
pulse PL which has the wave of arbitration equivalent can be formed. Processing by 
such long pulse PL is the especially effective exposure approach with the laser 
anneaUng equipment which needs to control a cooldown delay. 

[0034] The reinforcement of each laser beams L11-L22 can be suitably adjusted by 
attenuating the output of each solid-state-laser equipments 21-24 using a filter etc. The 
timing of the trigger signal supplied to each soUd-state-laser equipments 21-24 from the 
computer 60 for control can adjust time delays tl-t3. 

[0035] Hereafter, actuation of the laser-beam-machining equipment of the 1st operation 
gestalt shown in drawing 1 is explained. First, a trigger signal is outputted &om the 
computer 60 for control to the suitable timing for each solid-state-laser equipments 
21-24, and outgoing radiation of the laser beams L11-L22 is carried out by suitable time 
difference and suitable plane of polarization from each solid- state-laser equipments 
21-24. It is combined by the joint optical system 30, and each laser beams L11-L22 turn 
into 2 sets of laser beams LI and L2 which separate slightly and advance side by side. A 
beam diameter is expanded through the telescope optical system 40 with the parallel 
flux of light, and both the laser beams LI and L2 are piled up spatially. By the 
homogenizer 50, it is decomposed into the secondary light source of 6x6, and the laser 
beams LI and L2 which passed through the telescope optical system 40 are 
superimposed on the processing side IS, and carry out incidence. 

[0036] Under the present circumstances, since the solid-state-laser equipments 21-24 
are used as light equipment 20, the stabiUty of a laser output increases as compared 
with the case where gas laser, such as excimer laser, is used (usually about **1% or less). 
Therefore, the reinforcement and pulse shape of a laser beam are made with the stable 
thing. Moreover, since the soUd-state-laser equipments 21-24 are small and cheap as 
compared with gas laser etc., they can plan space-saving-izing and cost reduction of 
laser-beam-machining equipment, and its maintenance is also easy and cheap. 
Moreover, since two or more generated laser beams L11-L22 are spatially piled up while 
generating laser beams L11-L22 in predetermined time difference from four 
soUd-state-laser equipments 21-24, respectively, the pulse configuration of arbitration is 
generable, increasing a laser output seemingly, thereby -- the processing side IS - while 
being able to enlarge exposure area to kick to some extent, the degree of freedom of a 
process can be raised. Moreover, since quantity of light distribution of a laser beam 
which carries out incidence to the processing side IS using a homogenizer 50 is made 
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uniform, uniform laser beam machining of an object domain becomes possible. 
[0037] Although the solid-state-laser equipments 21-24 which constitute Ught 
equipment 20 were made into four sets, 2-N set (that is, even sets of arbitration) 
soUd-state-laser equipment can constitute light equipment for N from the 1st operation 
gestalt explained above as the natural number of arbitration. In this case, the laser 
beam from the solid-state-laser equipment of eye ** (2n-l) watch is considered for n for 
example, as P polarization as the natural number below N, and the laser beam from the 
solid-state-laser equipment of eye ** (2n) watch is considered as S polarization. In the 
joint optical system 30, the laser beam of the couple from the soUd-state-laser 
equipment of eye ** (2n-l) watch and eye ** (2n) watch is combined using the n-th thing 
among the polarization beam splitters of N individual which constitutes this, it 
considers as random polarization, and N sets of laser beams of this random polarization 
are obtained. In the telescope optical system 40, the laser beam which expanded the 
laser beam of N group, respectively and was bundled by the homogenizer 50 in the 
bundle is decomposed into much secondary light sources, it superimposes on the 
processing side IS, and incidence is carried out to homogeneity. 

[0038] Thus, if light equipment is constituted using much solid-state-laser equipments 
and the oscillation timing of each solid-state-laser equipment etc. is adjusted, a pulse 
generable equivalent will become still longer and will be made with what has various 
waves. 

The [2hd operation gestalt] Drawing 5 is drawing explaining the structure of the 
laser-beam-machining equipment of the 2nd operation gestalt concerning this invention. 
[0039] The laser-beam-machining equipment of the 2nd operation gestalt is used as the 
light equipment 120 which transforms the light equipment 20 of the 1st operation 
gestalt, and consists of three solid-state-laser equipments 21 and 22,123, gives the same 
sign to the part which is common in the 1st operation gestalt, and omits dupUcation 
explanation. 

[0040] In this case, light equipment 120 is equipped with the 3rd solid-state-laser 
equipment 123 which generates the Unearly polarized light of suitable plane of 
polarization besides the 1st and 2nd solid-state-laser equipments 21 and 22. The 3rd 
soUd-state-laser equipment 123 has formed the quarter-wave length plate 129 near the 
beam outgoing radiation opening. Thereby, the laser beam L20 which carries out 
incidence to the joint optical system 130 is changed into the circular polarization of light 
from the linearly polarized light. The laser beam L20 which carried out incidence to the 
joint optical system 130 will approach with the laser beam LI which the optical path 
was changed through the turn mirrors 31 and 32, and was combined by the polarization 
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beam splitter 34, and will advance to parallel. 

[0041] The laser beam L20 from the odd 3rd soUd-state-laser equipment 123 which does 
not constitute the hght source units 21 and 22 for generating random polarization from 
a 2nd operation gestalt explained above is changed into the circular polarization of hght. 
This takes that the problem on a process may occur into consideration, in order that a 
difference may appear in an absorption coefficient, a reflection factor, etc. according to 
the polarization direction which carries out incidence to the processing side IS. 
Therefore, also by the process top Unearly polarized hght, as long as it is satisfactory, 
the quarter-wave length plate 129 may be omitted. 

[0042] Moreover, although the solid-state-laser equipment which constitutes light 
equipment 120 was made into three sets, 2N+1 set (that is, odd sets of arbitration) 
solid-state-laser equipment can constitute light equipment for N from the 
above-mentioned 2nd operation gestalt as the natural number of arbitration. In this 
case, 2-N set arranges and constitutes light equipment 120 and the joint optical system 
130 like the light equipment of the 1st operation gestalt, and joint optical system, and 
carries out incidence of the linearly polarized light from the one remaining 
solid-state-laser equipment to the joint optical system 130 as the circular polarization of 
light with the quarter-wave length plate 129. 

The [3rd operation gestalt] Drawing 6 is drawing explaining the structure of the 
laser-beam-machining equipment of the 3rd operation gestalt. The equipment of the 3rd 
operation gestalt is a system incorporating the laser-beam-machining equipment of the 
1st operation gestalt. 

[0043] The laser annealer of a graphic display lays the work piece W which is the glass 
plate in which semi-conductor thin films, such as the shape of amorphous [ Si ], were 
formed on the front face. Smoothly in three dimension The movable stage 10, The hght 
equipment 20 which contains two or more solid-state-laser equipments 21-24 which 
generate the laser beam of an ultraviolet area in order to heat the semi-conductor thin 
film on a work piece W, The joint optical system 30 which combines and bundles two or 
more laser beams from each solid-state-laser equipments 21-24, The telescope optical 
system 40 which expands the laser beam which passed through the joint optical system 
30, and is piled up spatially, The homogenizer 50 which superimposes on the processing 
side IS as a homogeneity beam of the same size, and carries out incidence while 
decomposing the piled-up laser beam into two or more laser beams. The position sensor 
70 which detects the location of the stage 10 in which the work piece W was laid. It has 
the stage driving gear 80 which is the driving means to which only an initial 
complement moves a stage 10 suitably to homogenizer 50 grade based on the detection 
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result of a position sensor 70, and the computer main control unit 160 which controls 
actuation of each part of the whole laser annealer in generalization. 
[0044] Hereafter, actuation of the equipment of drawing 6 is explained. First, a work 
piece W is conveyed and laid on the stage 10 of a laser annealer. Next, incidence of the 
laser beam LB from exposure optical system is carried out on a work piece W, moving a 
stage 10 to X shaft orientations to the exposure optical system of homogenizer 50 grade. 
Thereby, horizontal scanning of the work piece W by the laser beam LB is performed. 
Furthermore, if vertical scanning which makes Y shaft orientations carry out step 
migration of the stage 10 for every termination of horizontal scanning is performed, 
laser annealing of the whole work-piece W surface will become possible. In addition, if 
not a rectangle but the linear laser beam LB is formed by homogenizer 50 grade, laser 
anneahng of the whole work-piece W surface will become possible only by moving a 
stage 10 to X shaft orientations. 

[0045] On the occasion of the scan of a laser beam LB, the pulse shape which has 
desired distribution with time is formed by adjusting the timing of each solid-state-laser 
equipments 21-24 of operation. Thereby, control of a cooldown delay is attained and can 
respond to various needs. In addition, the exposure field of the laser beam LB of a 
continuous couple should be connected without the clearance, although suitable amount 
duplication should be carried out by controlling actuation of a stage 10 suitably. 
[0046] As mentioned above, although it was based on the operation gestalt and this 
invention was explained, this invention is not limited to the above-mentioned operation 
gestalt. For example, with the above-mentioned operation gestalt, although plane of 
polarization is rotated using 1/2 wavelength plates 28 and 29, if the 2nd and 4th 
solid-state-laser equipment 22 and 24 ****** are rotated 90 degrees around an optical 
axis, 1/2 wavelength plates 28 and 29 will become unnecessary. That is, what is 
necessary is just to carry out incidence of the plane of polarization of laser beams Lll 
and L21, and the plane of polarization of laser beams L12 and L22 to the joint optical 
system 30 by a certain approach as a condition which intersected perpendicularly. 
[0047] Moreover, with the above-mentioned operation gestalt, although ultraviolet 
radiation is generated using the wavelength sensing element 27, if the solid-state-laser 
component 26 which generates ultraviolet radiation in itself is used, the loss of the 
energy density by using the wavelength sensing element 27 can be reduced. 
[0048] Moreover, when a speckle pattern is formed of a laser beam on the processing 
side IS, as shown in drawing 7 , the components 21a-24a which adjust the optical path 
length, i.e., a phase, to outgoing radiation opening of each solid-state-laser equipments 
21-24 can be formed. Although not illustrated, also in the 2nd operation gestalt, the 
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component for optical-path-length accommodation can be arranged to outgoing 
radiation opening of each solid-state-laser equipments 21 and 22,123. Each components 
21a-24a can be used as a mere quartz-glass plate, and can be [ a speckle pattern ] 
conspicuous and carry out a speckle pattern by adjusting the phase solid-state-laser 
equipment 21 - between 24. 

[0049] Moreover, the laser-beam-machining equipment of the above-mentioned 
operation gestalt is not used only as laser aniiealing equipment of liquid crystal or a 
semi-conductor, and can be applied to various processings of the surface treatment and 
others of various ingredients. 
[0050] 

[Effect of the Invention] According to the laser-beam-machining equipment of this 
invention, stability of a laser output can be made comparatively high and 
space-saving-izing and cost reduction can be planned so that clearly from the above 
explanation. Furthermore, the pulse configuration of arbitration is generable, 
increasing a laser output seemingly. 

[0051] Moreover, according to another laser-beam-machining equipment of this 
invention, stability of a laser output can be made comparatively high and 
space-saving-izing and cost reduction can be planned. Furthermore, about a laser 
output, a buildup **** pulse can be generated seemingly and moreover more uniform 
laser beam machining becomes possible. 

[0052] Moreover, also by the laser-beam-machining approach of this invention, stabihty 
of a laser output can be made comparatively high and space-saving-izing and cost 
reduction can be planned. Moreover, the pulse configuration of arbitration is generable, 
increasing a laser output seemingly. Furthermore, the homogeneity of the quantity of 
light distribution of a laser beam which carries out incidence to an object side can be 
secured, and more uniform laser beam machining becomes possible. 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing explaining the structure of the laser-beam-machining 
equipment of the 1st operation gestalt. 

[Drawing 2] It is drawing explaining work of the polarization beam splitter which 
constitutes joint optical system. 

[Drawing 3] It is drawing explaining the structure of a homogenizer. 

[Drawing 4] It is drawing explaining the composite pulse wave of the laser beam 

projected on a processing side. 

[Drawing 5] It is drawing explaining the structure of the laser-beam-machining 
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equipment of the 2nd operation gestalt. 

[Drawing 6] It is drawing explaining the structure of the laser annealer of the 3rd 
operation gestalt. 

[Drawing 7] It is drawing explaining deformation of the laser-beam-machining 

equipment of the 1st operation gestalt. 

[Description of Notations] 

10 Stage 

20 Homogenizer 

20 Light Equipment 

21-24 SoUd-state-laser equipment 

26 Solid- State-Laser Component 

27 Wavelength Sensing Element 

28 29 1/2 wavelength plate 
30 Joint Optical System 

34 Polarization Beam Splitter 
40 Telescope Optical System 
50 Homogenizer 
60 Computer for Control 
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